Purpose -Concept maps have been described as a valuable tool for exploring curriculum knowledge.
Introduction
Concept mapping (Novak, 2010) has been used in numerous educational settings and is becoming a common feature in the higher education literature (Kinchin, 2014) . Most of the studies that have been published to date have tended to concentrate on mapping curriculum knowledge (i.e. agreed knowledge). However, less attention has been given to the use of concept mapping to visualise contested knowledge which may have been regarded as tacit knowledge: the values and perceptions of teachers that underpins their practice McNaughton et al., 2016; van den Bogaart et al., 2017; McMillan and Gordon, 2017) .
This study was undertaken with a group of five academic colleagues working within the same Biochemical Sciences Department who appeared to have a shared philosophy of teaching and were working on the development of a new undergraduate curriculum. The group was very positive about their teaching role, and their dialogue revealed explicit trust and respect for each other and were keen to develop their pedagogic scholarship (Rowland and Myatt, 2014) . In a single-case study, we explore the use of concept mapping to not only uncover the academics' views about their teaching practice but also help them articulate their perspectives within the framework provided by the concepts of pedagogic frailty and resilience in a collaborative environment (Kinchin, 2017; Kinchin and Winstone, 2017) . We expected the discussion and development of concept maps to facilitate a greater level of pedagogic resilience in the face of a wider environment that is considered by the participants to be resistant to radical change within the teaching sphere.
Background
There are many approaches to collaboration and cooperation in the existing literature (O'Donnell and Dansereau, 1992; De Lisi and Goldbeck, 1999; Dillenbourg et al., 1995; Fischer and Mandl, 2003; Kobbe et al., 2007) . One of them, proposed by Fischer et al. (2002) , distinguishes four processes of collaborative knowledge construction: externalisation of knowledge, elicitation of knowledge, integration-oriented consensus building and conflictoriented consensus building. Some studies indicated that a cooperative outcome was enhanced through the use of content-specific visualisation tools, such as concept maps (Roth and Roychoudhury, 1993; van Boxtel et al., 1997; . Furthermore, concept maps has also been described as a valuable tool for collaborative academic faculty development .
Developed by Novak and colleagues in the 1970s (Novak, 2010) , concept maps are graphical organisers useful for making explicit the relationship between concepts through propositionsthat is, the relationships between pairs of concepts by a linking line and phrase (see an example in Figure 4 ). Concept mapping has been used to visualise and represent knowledge ; foster deep or meaningful learning (Blunt and Karpicke, 2014) ; as an assessment tool (Ritchhart et al., 2009) and collaboration tool (Torres and Marriott, 2010) . In this paper, we explored concept mapping to scaffold each step of the collaboration process.
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Externalisation of knowledge We step in the collaborative construction of knowledge is to include individual prior knowledge into the situation, i.e. externalise knowledge structures. According to Brown et al. (1989, p. 33) , the exchange of different individual concepts is a good starting point for the negotiation of common meaning in discourse.
Concept maps can be used as an externalisation tool by offering a task that invites the individuals to provide evidence bearing on his or her knowledge structure in a domain (Shavelson et al., 2005; Kinchin, 2016) . However, untrained users are more susceptible to cognitive overload during the map elaboration task (Aguiar and Correia, 2017) . According to Cognitive Load Theory (Sweller et al., 2011) a task can be a source of two cognitive loads: the intrinsic load (i.e. load imposed to the learners' working memory, which is related to the content complexity) and the extraneous load (i.e. the unproductive load imposed to a learner's working memory, which does not contribute to learning). If both loads exceed the limits of working memory capacity, no resources are left to foster generative processes, namely, schema construction and manipulation or learning (van Merriënboer and Ayres, 2005; van Mierlo et al., 2012) . The consequence would be a low-quality concept map, poor in structure and content, which does not represent the mapper's mental structure of knowledge.
Some research regarding this issue can be found in the literature. For example, Stull and Mayer (2007) showed that constructing graphic organisers with little training imposes a higher extraneous load, impairing learning. Hilbert and Renkl (2008) carried out a study to characterise good and poor concept mappers after developing an effective training. According to them, unsuccessful mappers rarely labelled the links that connect the concept nodes. On the other hand, effective mappers invested great effort into planning their mapping process to produce a coherent concept map. Conradty and Bogner (2010) studied the implementation of concept mapping for novices, showing that most errors found in mappers' propositions were content dependent, explaining this low-quality concept map feature due to a high intrinsic load.
To cope with these difficulties, we need to manage the intrinsic load and decrease the extraneous load as much as possible (Mayer and Moreno, 2009) . In this paper, content complexity was reduced through an online questionnaire that split the content into parts of information. The extraneous load was decreased by providing a concept map produced by an expert on the technique, considering the criteria for an excellent content accuracy and graphical structure (Cañas et al., 2015; .
Elicitation of knowledge and consensus building
The second step of collaborative knowledge construction is the elicitation process. This requires the participants to make statements or directives, request or provide explanations, give suggestions, agree or disagree with partners or groups to express or clarify knowledge during the task (Teasley, 1997) . It is worth mentioning that concept mapping has been used successfully in the elicitation of implicit and tacit knowledge (Hoffman and Lintern, 2006) .
The last step of collaborative construction of knowledge is the consensus building. To achieve a common solution for a given task, the participants in a group need to negotiate concepts and meanings . This consensus building is essential to achieve a high quality of cooperative outcome and can occur in different ways. The conflictoriented consensus building occurs when the participants make use of different interpretations (i.e. cognitive conflicts) to stimulate their understanding of the topic (Deutsch, 2003) . On the other hand, integration-oriented consensus building occurs when the Concept mapping participants combine the variety of individual perspectives (i.e. integration) into a common interpretation (Hatano and Inagaki, 1991) .
Methodology
We adopted a qualitative research approach by a case study as strategy of inquiry in this research. According to Creswell (2013): [. . .] a qualitative study is defined as an inquiry process of understanding a social or human problem, based on building a complex, holistic picture, formed with words, reporting detailed views of informants, and conducted in a natural setting.
In this paradigm, it is sought to establish the meaning of a phenomenon from the views of participants, which means identifying a culture-sharing group and studying how it develops shared patterns of behaviour.
In this paper, the participants were a group of five academic colleagues working within the same Biochemical Sciences Department working on the development of a new undergraduate curriculum. The group shares of some teaching views; however, most of their perspectives are implicit and idiosyncratic. To better understand how concept mapping could be useful for scaffolding collaboration process, in this context, a research procedure as outlined in Figure 1 was conducted.
First, the participants were asked to answer the online questionnaire about the researchteaching nexus [1] with no constraints of time. They took an average of 19.3 min (standard deviation of 8.4 min) to accomplish the task. Considering their answers to the questionnaire, the researcher (a map-expert) took approximately 20 min to produce individuals' concept map using Microsoft PowerPoint®. These maps were printed on a A4 sheet and presented to the participants at the beginning of the group session.
The group session started with the research purposes and objectives. The participants analysed and discussed the separate concept maps and then developed a paper and pencil collaborative/consensus concept map. They had approximately 1 h to accomplish this task. Finally, the digital map (drawn using Microsoft PowerPoint ® ) was sent to the participants by e-mail with an evaluation form that invited them to provide feedback about the process, which will help us to improve the online questionnaire design for a future application.
Online questionnaire design and individual concept map
The questionnaire was designed in six parts (A-F). Each part had the purpose of identifying participants' conceptions and beliefs about one specific aspect of the of research-teaching nexus. The purpose, question type and answer format are provided in Table I . The Qualtrics survey platform was used to host the questionnaire, which it was controlled by password [2] .
The participants' answers were downloaded and analysed to consider their content. Each part of the questionnaire provided information that was "translated" into concepts and propositions needed to draw the individual concept maps. To illustrated this protocol, we show a partial view of one participant's answers to the questionnaire Parts B (Figure 2 ) and C and D ( Figure 3) and their correspondence to the concept map ( Figure 4 ).
Good concept maps must fulfil some predefined criteria related to both graphical structure and content accuracy, such as organising concepts in a hierarchical way and constructing correct and relevant propositions (Cañas and Novak, 2006) . In this paper, we followed these criteria to ensure construction of an "excellent" concept map, which is not only concise but also captures the complexity of the involved content (Cañas et al., 2015; . Imagine that you have a tight deadline to finish the following tasks: review your own paper that it is approved to be published; come up with an idea for a PhD grant proposal; plan the next lecture by selecting materials and the best learning approach; come up with an idea for an assessment task to evaluate your students To start drawing the concept map, we chose some key concepts to represent the research-teaching nexus : university, academia, students, research, teaching, rewards, recognition, status and motivation. We organised these concepts in a top-down hierarchy. For example, academia encompasses the completely academic community, including universities, at the top of the map. The examples regarding rewards and recognition should be on the bottom of the map as they are very specific and individualised. As soon as the key concepts were hierarchically organised, we connected pairs of concepts through a directional arrow (to offer a reading flow) and a linking phrase with a proper verb. In other words, we established concise and clear propositions by using the statements judged as "strongly agree" or "strongly disagree" in Part B of the questionnaire (Figure 2) . For example, the showcased individual academic strongly agreed that the academia overvalues research (1a, Figure 2 ) and undervalues teaching (1b, Figure 2 ). Both statements were transformed into propositions 1a and 1b in Figure 4 . He also strongly disagreed that university has a systematic way to evaluate a good researcher (3a, Figure 2 ) and a good teacher (3b, Figure 2 ). In this case, the linking phrase received a negative connotation ("does not have") and it was shared to construct both propositions (see 3a and Figure 4 ). The same pattern can be seen for Statement 6 in the questionnaire; as he strongly disagreed that teaching leads to high status and rewards at the same time, the proposition was constructed with the negative "does not lead" and shared as a linking phrase for both propositions (see 6 in Figure 4 ). Statement 2 in the questionnaire required adding "knowledge" as a new concept in the map, and Statement 4 required a double-headed arrow to represent a two-way relationship between "research" and "teaching" (see 2 and 4 in Figure 4 ). It is important to note that slight agreements or disagreements were disregarded when constructed the concept map, first, because we aimed to produce a consensus map with the academics' strongest views highlighting the difference between them and, second, because the use of "might", "can be", "perhaps", "sometimes" decreases the level of content accuracy and the map's explanatory feature. Finally, adding too many propositions would hamper the map's visual layout and readability (Derbentseva and Kwantes, 2014) , which might be a source of disorientation and extraneous load (Amadieu et al., 2009) which reduce interpretation by the participants.
Statement number 5, for example, can be confirmed using two sources of information in the questionnaire. The academic strongly agreed that research leads to recognition (Part B, Figure 3) . The same pattern can be seen for Statement 7a in the questionnaire. In Part B, he strongly agreed that teaching leads to motivation and in Part C he said that motivation is higher for teaching than research. Both answers produced the proposition 7a in the concept map ( Figure 4 ). As he strongly agrees that motivation is needed for research, we created a new proposition 7b in the map (Figure 4) .
Part D of the questionnaire (Figure 3) provided some examples to progressively detail how the academic understood the rewards, recognition and status within higher education. For example, in research, recognition looks like a grant, papers and promotion, but in teaching, it means more teaching (8a and 8b in Figure 4 ). For him, one of the main consequence of high status in research is the papers and grants, but not promotion. Then, we decide to separate two concepts "paper and grants" and "promotion" so we can use the first one to establish the proposition number 9 in the map (Figure 4) . Finally, as one of the institutional rewards is promotion, we used this concept to create the proposition number 10 in the concept map (Figure 4) .
Parts A, E and F of the questionnaire helped us to understand how the academics connect research and teaching and to identify any inconsistencies on their discourses. For instance, if in Part A, he/she affirmed that his/her teaching practice is informed by research, but in Part F, it is written that he/she cannot connect research and teaching in his/her academic life, we can identify an inconsistency that needs to be clarified. In this case, we can create a proposition with a question mark (e.g. Teachingis informed by (?) ! Research) and ask him/her to clarify and explain these propositions during the group session.
Collaborative activity and evaluation
Two researchers monitored the group discussion. At the beginning of the session, the researchers initiated some discussion about the research-teaching nexus and invited the Concept mapping group to review their individual maps and then (as a group) produce a consensus map that represents their view as a team. It is important to note that even though the academics were briefly introduced to the concept mapping technique, it was the first time they had produced one as a group. They were instructed to use any and as many concepts that they might consider important to express their views. They drew the map on a blank A3 sheet of paper using yellow self-stick notes and they took approximately 60 min to accomplish the task. The digital concept map was sent to the academics by e-mail followed by some questions that invited them to evaluate the previous activities. Using a five-point Likert scale, this evaluation form[3] aimed to measure:
Mental demand: from 1 (very low) to 5 (very high).
Clarity of the questions: from 1 (very unclear) to 5 (very clear). Level of interest: from 1 (boring) to 5 (interesting). Level of challenge: from 1 (no challenging) to 5 (very challenging). Concept map accuracy: from 1 (inaccurate) to 5 (accurate). Concept map helpfulness as a visualisation tool: from 1 (unhelpful) to 5 (very helpful).
It also asked the participants to provide some benefits and limitations of the researchteaching nexus questionnaire and the concept mapping technique. The academics' answers were analysed and offered some insights to improve the proposed activities.
Results and discussion
The collaborative concept map produced during the group session can be seen in Figure 5 . The participants started the discussion by asking themselves "where" exactly the tensions between teaching and research occur. Using their individual maps (Figure 4 ), they realised Figure 5 .
A collaborative concept map of the group's perspective of the research-teaching nexus PRR 3,2 that "academia" and "university" are wider social institutions with heterogeneous values, which might not reflect the particularities of the Department of Biochemical Sciences. For them, the discussion needs to be undertaken at the departmental level, leading them to choose the concept of "department" to start the concept map. Another point of discussion occurred with the concept of "research" in the individual maps (Figure 4) . They split this concept into two types of research: disciplinary, subjectspecific research (Biochemistry) and pedagogic research (Scholarship of Teaching and Learning). Tension arises because the Department of Biochemical Sciences explicitly recognises the subject-specific research but does not yet recognise pedagogic research. Teaching is the concept that connects both types of research and they chose to put it between disciplinary and pedagogic research ( Figure 5) .
The concepts at the bottom of the map were negotiated considering the asymmetric status, rewards, recognition and motivation that come from teaching and research activities (see an example in Figure 4 ). The participants all agreed that there is a huge perceived asymmetry for these activities. Whilst disciplinary research provides a "clear route[4]" for promotion and, consequently, high status, rewards and recognition, pedagogic research leads to staff and student satisfaction, though this is poorly defined in terms of recognition and promotion within the department. As we can see in Figure 5 , there is no direct connection between both sides of the map, providing a good insight into research and teaching nexus. It is important to note that the collaborative map summarises the main ideas discussed during the group session. The participants' individual knowledge structures (highlighted by the questionnaire and the individual concept map) were modified over the collaborative process leading to a product that is not the sum of their knowledge but a transformed and new structure (Lee et al., 2015) . Figure 6 shows a graph that summarises the participants' evaluation of the questionnaire and the individual concept maps. 
Concept mapping
As we can see in Figure 6 , answering the questionnaire did not require a very high mental activity from the participants (mean = 3.4), indicating that the cognitive load imposed by this activity does not lead to an overload situation (Sweller et al., 2011) . However, some improvements need to be made to the questions to increase their level of clarity (mean = 3.2). Some participants pointed out the lack of clarity as a questionnaire limitation, for example:
Research could be clearer in the questionnaire as a pedagogic-vs disciplinespecific. Some of the questions were a little ambiguous, so could be interpreted in different ways. However, this gives space for participant interpretation.
It was hard to understand through the survey what the question poser in some questions, which meant that we essentially answered different questions, which probably changed our maps slightly.
The participants also declared that the questionnaire offered a challenge (mean = 3.9) to them without being boring (mean = 4.3). The feedback regarding the level of helpfulness (mean = 4.7) and accuracy (mean = 4.2) was important in the re-design the questionnaire. For them, not only was the individual concept map an accurate representation of their point of view, but it was also very helpful to visualise their perspective about the relationship between research and teaching within the Department of Biochemical Sciences: Consciously consider of how these things fit together and perhaps plan how to try to move the balance in the future. See other team members' perspectives on it, these are people you work with daily, and sometimes it can explain their approach to certain scenarios. It was a good process to go through to highlight common areas with other team members and how sometimes we approach things in different ways. Overall, the concept maps seemed accurate and were hugely helpful for producing a team map. Interesting exercise. It clarifies the focal points, personally and for the team.
Final considerations
Engagement with the questionnaire has the benefit of: Providing the participants with an example of an excellent concept map produced from the questionnaire results. Very often, subject-expert/novice mappers tend to concentrate on adding material (making the map bigger) rather than reflecting on the content and refining the quality of the links. The process defined in this manuscript, therefore, helps in the construction of succinct maps with a high degree of explanatory power. Sensitising the participants to the concepts involved and the possible links between them. Rather than going into the group discussion "cold", the construction of a map through the questionnaire helps to make explicit the areas that are appropriate for discussion (i.e. boundaries for the map) concepts that might populate the structure.
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Facilitating the sharing of perspectives within a group by allowing peers to see how the ideas are linked in each other's minds. This offers a more detailed window into their thinking than would be provided, for example, by a list of key ideas. Introducing novice participants to the potential benefits of consensus maps in teambased projects that could be translated into the direct teaching environment.
Notes 1. The research-teaching nexus is concerned with how research and teaching are connected in academics' lives. It refers to the perceptions on whether research is seen as a product or as a process and the relative importance of these activities to their professional identities.
2.
To have access to the survey please use the password 'unlock' and the following link: https://goo. gl/wK4qCa (18 October).
3. The evaluation form can be accessed using the link: https://goo.gl/wYDjrb (18 October).
4. For them, a 'clear route' towards promotion means that they are aware of the department expectations regarding disciplinary researchit is clear what they need to do in order to gain promotion (e.g. publish papers in mainstream journals and get research grants).
